OBJECTIVE: To examine the relationship between albuminuria and measures of body morphology. DESIGN: Cross-sectional study of European, Maori and Paci®c Island workers aged 40 y and over. SUBJECTS: 3960 non-diabetic, non-hypertensive, non-lipidaemic, non-proteinuric middle-aged men and women. MEASUREMENTS: Height, weight, waist, hip, fasting and 2 h glucose, systolic and diastolic blood pressure, urinary creatinine and urinary albumin measurements. RESULTS: After adjusting for age and gender, the relative risks (95% con®dence interval) of microalbuminuria were 4.87-fold (3.10±7.64) higher in Maori, and 4.96-fold (3.40±7.24) higher in Paci®c Islanders compared to European New Zealanders. In contrast, age and gender adjusted relative risks (95% con®dence interval) for high albumin:creatinine ratios were 6.38 (4.27, 9.53) in Maori and 5.14 (3.54, 7.48) in Paci®c Islanders compared to European workers. Workers with microalbuminuria had higher urinary creatinine concentrations than those with urinary albumin in the normal range. Age and gender adjusted partial correlation coef®cients between urinary albumin concentrations and the inverse of urinary creatinine concentrations were highest in European and Maori workers. Apart from Paci®c Islanders, urinary creatinine concentrations accounted for over 20% of the variation in urinary albumin concentrations in healthy individuals. Other independent predictors of urinary albumin concentrations were waist measurements, short stature and body mass index in Europeans and Paci®c Islanders, and systolic blood pressure levels and gender in Europeans. After adjusting for age, gender, waist, height, 2 h glucose, urinary creatinine, systolic blood pressure and body mass index Maori and Paci®c Islanders still had signi®cantly higher urinary albumin concentrations than Europeans. CONCLUSION: Urinary creatinine concentrations were signi®cantly associated with urinary albumin concentrations in all ethnic groups, and, with the exception of Paci®c Islanders, accounted for a large proportion of the variation in urinary albumin concentrations in healthy individuals. Urinary albumin concentrations were associated with measures of obesity and short stature in Europeans and Paci®c Islanders, and systolic blood pressure levels and gender in Europeans. However, measures of body morphology did not completely explain the higher urinary albumin concentrations in Maori or Paci®c Islanders.
Introduction
In people with insulin-dependent (IDDM) and noninsulin-dependent diabetes mellitus (NIDDM) persistent microalbuminuria is predictive of diabetic nephropathy, 1,2 and of increased morbidity and mortality from cardiovascular (CVD) disease. 3, 4 Moreover, in people with NIDDM, it is associated with other risk factors for CVD such as hypertension, 3±7 hyperglycaemia, 3±7 obesity, 3, 6 and dyslipidaemia. 3 Studies of elderly non-diabetic subjects in the general population have also shown a positive relationship between degree of albuminuria and increased CVD morbidity, 7 early mortality, 7, 8 and risk factors for CVD. 9±16 These observations led Yudkin, 7 Cruickshank 17 and Haffner 9 to propose that microalbuminuria might represent a marker of CVD risk in nondiabetic subjects.
Prevalence of microalbuminuria varies widely between ethnic groups. For example, the prevalence of microalbuminuria has been reported as 7±10% and 2±3%, in diabetic and non-diabetic European people, respectively. 18 By comparison, Allawi et al 5 reported microalbuminuria in 26% of Asian Indian people with NIDDM, Collins et al 6 reported prevalences of 26% in men and 30% in women from the Paci®c Island of Nauru, Haffner et al 8 reported a prevalence of microalbuminuria of 13% in non-diabetic Mexican Americans, Robbins et al 19 reported prevalences in American Indians of 28.3% in Arizona, 15 .1% in Oklahoma and 13.8% in North and South Dakota, and we have reported prevalences of microalbuminuria in European, Maori, Paci®c Island and Asian New Zealanders of 2.7%, 15.6%, 13.0% and 8.0%, respectively. 15 There is no simple explanation for the ethnic differences in prevalences of microalbuminuria. In the New Zealand study, glycaemia was the most signi®cant determinant of urinary albumin concentrations in a multivariate model including blood glucose levels, age, gender, ethnic group, body mass index, blood pressure, blood lipid levels, cigarette smoking, and alcohol consumption. 15 Although Maori and Paci®c Islanders living in New Zealand have a higher prevalence of cardiovascular disease than Europeans, 20 it is possible that indices of body morphology, such as obesity, may also be important in relation to urinary albumin excretion as proposed by Cassuto et al. 21 Here, we have examined the relationship between urinary albumin concentration and measures of height, weight, waist and hip girth (a measure of truncal obesity), and urinary creatinine excretion (a measure of muscle mass) in 3960 healthy middle-aged European, Maori and Paci®c Island workers. Our aims were to determine whether measures of body morphology may account for some of the ethnic variability in urinary albumin concentrations.
Methods
Between May, 1988 and April, 1990, 5677 European, Maori, Paci®c Island and Asian workers, aged 40 y and over, participated in a health screening survey of 41 companies in Auckland and 5 companies in Tokoroa, New Zealand (67% response). The median number of staff interviewed at each worksite was 72 (range 10±567). The management of 10 work sites refused permission for their staff to be interviewed (management response 82%). Paci®c Islanders included 53.5% Samoan, 26.7% Cook Islander, 10.7% Tongan and 9.1% from other Paci®c Islands. All participants gave informed consent and ethical approval for the study was obtained from the Auckland University ethics committee.
Screening procedure
All workers presented after an overnight fast, gave informed consent, and completed a standard 75 g glucose tolerance test using Polycose (Abbott Laboratories, Columbus, Ohio), which gives the same plasma glucose and insulin response as a standard glucose load. 22 Glucose tolerance test results were interpreted according to World Health Organisation criteria 23 for epidemiological surveys, and 348 individuals with diabetes mellitus (2 h plasma glucose ! 11.1 mmol/ L or past history of diabetes mellitus) or impaired glucose tolerance (2 h plasma glucose 7.8±11.0 mmol/ L) were excluded. Blood pressure was measured twice in the sitting position, using a large cuff for obese upper arms, with a Hawksley random zero sphygmomanometer using Korotkoff phase 5 sounds for diastolic pressure and 582 individuals with hypertension (systolic blood pressure ! 160 mmHg or diastolic blood pressure ! 95 mmHg or on antihypertensive medication) or missing blood pressure measurements were excluded. A ®rst voided morning urine sample was cultured on CLED agar plates (Life Technologies, Grand Island, NY) and 162 individuals with urinary tract infection were excluded. Finally, 541 individuals with hyperlipidaemia (serum triglyceride b 2.5 mmol/L), 8 individuals with urinary albumin ! 300 mg/L, 70 Asians and 6 individuals who did not provide a urine sample were also excluded. Asians were excluded because of their small numbers. Age, gender, and ethnicity of the remaining 3960 individuals are summarised in Table 1. All workers completed a self-administered questionnaire on sociodemographic status, current health and past medical history and had weight, height and hips measured after removal of shoes and heavy clothing. Participants were instructed to stand erect and relaxed. Interviewers stood to the side of the participant and used a measuring tape to measure the waist at the level of the umbilicus and hip girth at the maximal protrusion of the gluteal muscles to the nearest 0.5 cm. Ethnicity was self-de®ned. Body mass index was calculated as weight (kg) divided by the square of height (m).
Analyses
Urinary albumin concentrations were determined by immunoturbimetric assay (Cambridge Life Sciences, Cambridge, England) in mg/L. This method is linear from 0±165 mg/L, sensitive to 2 mg/L, and with imprecision 8.4% for normal and 7.4% for abnormal control samples. Microalbuminuria was de®ned as a urinary albumin concentration b 28 mg/L for males and b 28 mg/L for females and a high albumin:creatinine ration as b 2.25 mg/mol for males and b 2.78 mg/mol for females based on reference intervals determined from the same population. 15 Reference intervals were the 2.5th and 87.5th percentiles determined from participants after excluding those with Albustix positive albuminuria, diabetes mellitus, bac- 15 Plasma glucose and urinary creatinine concentrations were measured on a centrifugal analyser using commercial reagents (F Hoffman-La Roche, Basle, Switzerland). Serum triglyceride concentrations were measured on a Chem I random access analyzer (Technicon, Tarrytown, NY). Interbatch coef®cients of variation were: urinary creatinine 3.8% and glucose 2.1%.
Statistical analyses
Age, gender and race adjusted mean levels were determined by analysis of covariance and signi®cance levels calculated using Student's t±test. Because of their positively skewed frequency distributions, urinary albumin, the inverse of urinary creatinine and albumin:creatinine ratio concentrations were converted to loge values for calculation of means, standard deviations, partial correlation coef®cients, and multiple regression analyses. Urinary albumin concentrations were converted to log e (urinary albumin 1) to accommodate values of 0. The contribution of urine creatinine to the variation in urinary albumin concentrations was measured by the squared partial correlation coef®cient. Relative risks were calculated using the Mantel Haenszel method. Statistical analyses were carried out using SAS. 24 
Results

Prevalence of microalbuminuria
After excluding 1710 workers with diabetes mellitus, hypertension, hyperlipidaemia and urinary tract infection or who were Asian, there was a signi®cantly higher age and gender adjusted risk of microalbuminuria in Maori and Paci®c Islanders compared with European New Zealanders (Table 2) . Moreover, similar rates were found between men and women for each ethnic group. In this respect, it is noteworthy that relative to their numbers in the workforce, rather more Maori (41.4%) and Paci®c Island (37.0%) people than Europeans (25.8%) were excluded in eliminating individuals with demonstrable disease.
Age and gender adjusted risks of a high albumin:-creatinine ratio were higher in Maori and Paci®c Islanders compared to Europeans (Table 2) . After further adjusting for body mass index, risk of microalbuminuria in Maori and Paci®c Islanders compared to Europeans was reduced slightly but risk of a high albumin:creatinine ratio was increased.
Age and gender adjusted mean (95% con®dence interval) urinary albumin concentrations were 4.1 (3.96, 4.26) mg/L in Europeans, 7.8 (6.89, 8.90) mg/ L in Maori, and 6.6 (6.00, 7.26) mg/L in Paci®c Islanders.
Body morphology and cardiovascular risk factors
Maori and Paci®c Island workers were signi®cantly more obese than their European counterparts (age and gender adjusted body mass indices (s.e.): 29.6 (0.26); 31.5 (0.19) and 25.7 (0.07) kg/m 2 , respectively and both groups also had signi®cantly higher urinary creatinine concentrations indicating greater muscle mass (age and gender adjusted urinary creatinine (s.e.): 14.4 (0.02); 13.9 (0.03) and 11.5 (0.01) mmol/ L, respectively). There were important differences between ethnic groups in the apparent effect of body morphology on urinary albumin excretion (Table 3) . After adjusting for age and gender, Maori workers with microalbuminuria had signi®cantly higher weight, body mass index, waist and hip girths, systolic blood pressure and urinary creatinine excretion compared to Maori workers with normal urinary albumin excretion. In contrast, only mean age and genderadjusted height and body mass index were signi®-cantly different between groups of Paci®c Island workers, and urinary creatinine concentrations in Europeans.
There were no signi®cant differences between the microalbuminuria and normal albuminuric ethnic-speci®c groups for fasting or 2 h plasma glucose, or diastolic blood pressure (data not shown).
Association with height
Mean age and gender adjusted height was signi®-cantly lower in microalbuminuric Paci®c Islanders compared to their ethnic-speci®c normal albuminuric group (Table 3) . The association between microalbuminuria and height was examined further (Table 4) . Microalbuminuric European and Paci®c Island men were signi®cantly shorter than their corresponding normal albuminuric groups.
Adjusting for urinary creatinine
Prevalences of a high albumin:creatinine ratio were slightly higher than for microalbuminuria in Maori males (Table 2) , giving an over 5-fold relative risk of microalbuminuria in Maori and Paci®c Islanders. Therefore, in view of the marked differences in urinary creatinine excretion between ethnic groups (Table 3) , it is possible that the practice of adjusting urinary albumin results by the urinary creatinine concentrations might affect the validity of the results. We examined the age and gender adjusted partial correlation coef®cients between weight, height, body mass index, waist and hip girths, blood pressure and degree of glycaemia with urinary albumin concentration and again with urinary albumin:creatinine ratio and the inverse or urinary creatinine (Table 5) . Age and gender adjusted partial correlation coef®-cients for urinary albumin concentrations and albumin:creatinine ratio with weight, body mass index, waist, hip girths and systolic blood pressure were higher in Maori than European and Paci®c Islanders. Similarly, partial correlation coef®cients for degree of albuminuria with waist to hip ratio were higher in Paci®c Island people than European or Maori people. The partial correlations between the inverse of urinary creatinine and urinary albumin were higher in European and Maori compared to Paci®c Islanders.
There was no statistically signi®cant age and gender adjusted partial correlation coef®cients between dietary protein intakes and urinary albumin, albumin:creatinine ratio, or the inverse of creatinine in each ethnic group (data not shown).
Multivariate models
To determine the net effect of waist, height, 2 h plasma glucose, urinary creatinine concentration, systolic blood pressure and body mass index within each ethnic group and overall, adjusted for age and gender, we built multiple regression models with urinary albumin concentrations as the outcome variable (Table 6) . A quadratic term for body mass index was included as we have previously described a non-linear relationship with urinary albumin concentrations.
14 Urinary creatinine concentrations were signi®cantly and independently associated with degree of albuminuria in all ethnic groups and, apart from Paci®c Islanders, accounted for over 20% of the variation in urinary albumin concentrations: Europeans 25.2%; Maori 20.2%; Paci®c Islanders 6.8%; and 22.0% all combined.
Other independent predictors of urinary albumin concentrations were waist measurements, short stature and body mass index in Europeans and Paci®c Islanders, and systolic blood pressure levels and gender in Europeans. The negative regression coef®cients for body mass index and the positive quadratic body mass index regression coef®cients indicate little association with urinary albumin concentrations below a body mass index of approximately 30 kg/m 2 , and a positive association above this level. We note the much lower 15 However, it is not clear from the literature whether microalbuminuria is related to obesity in all ethnic groups, or whether microalbuminuria only manifests in grossly overweight individuals. For example, Collins et al 6 reported a signi®cant relationship between body mass index and albuminuria in 1184 diabetic and non-diabetic residents of the Paci®c Islands of Nauru, although Haffner et al, 9 Winocour 10 and Dimmitt et ) individuals with microalbuminuria. In the current study, both Maori and Paci®c Island workers were far more obese than their European counterparts (Table 3) . Adjusting relative risks of microalbuminuria for body mass index, in addition to age and gender, reduced the relative risks for both Maori and Paci®c Islanders compared to Europeans slightly (Table 2 ), but both remained signi®cantly greater than unity. Further, the partial correlation coef®cients for body mass index, waist and hip measurements with urinary albumin concentrations appeared higher in Maori than in Europeans and Paci®c Islanders (Table 5 ). However, after adjusting for height, 2 h plasma glucose, urinary creatinine and systolic blood pressure, body mass index and waist measurements were no longer statistically signi®-cantly associated with urinary albumin concentrations in Maori (Table 6 ), but were in Europeans and Paci®c Islanders.
Short stature seemed to be an important predictor of increased urinary albumin excretion in Europeans and Paci®c Islanders, but not Maori (Table 6 ). Based on a similar relationship observed in British men, 27 Yudkin 28 proposed that it might re¯ect early environmental in¯uences that predispose to later cardiovascular disease. Most European New Zealanders are of British descent and 39.8% of participants (41.7% men and 33.9% women) in this study were not born in New Zealand.
Based on the ®ndings of microalbuminuria in newly diagnosed NIDDM and impaired glucose tolerance, Haffner 16 proposed that microalbuminuria in nondiabetic subjects represents part of a pre-diabetic state. In the current study, participants with diabetes mellitus and impaired glucose tolerance were excluded, yet 2 h post 75 g Polycose load plasma glucose concentrations were weakly associated with degree of albuminuria in all participants as a group (Table 6 ), but did not reach statistical signi®cance in each ethnic group.
Because of the dif®cultly in collecting reliable timed-urine specimens, the urinary albumin:creatinine ratio has been proposed as a means of standardizing measures of albuminuria for urine¯ow. 29±31 This manipulation depends on the assumption that the excretion of creatinine is relatively constant in an individual from day to day and is related to lean body mass. In fact, the change in body composition with age and the associated alterations in muscle mass have an in¯uence on creatinine concentrations, 32 the daily urinary excretion of creatinine may vary widely with coef®cients of variation ranging from 6±20%, 33 and creatinine excretion is higher in men than in women. 34 Ethnic differences in body build and muscle mass may also have an important in¯uence on urinary creatinine excretion as demonstrated in the current study (Table 3 ). The higher urinary creatinine concentrations in Maori and Paci®c Islanders may be related to their body mass index as muscle mass increases with body mass index. For the same body mass index Polynesians may have greater muscle mass than Europeans. This may have further contributed to the differences in between ethnic groups.
It is possible that the strong correlations between albumin and the inverse of creatinine re¯ect the dilution/concentration effect of urine volume, but if so it would have been expected that these would explain similar amounts of variation in each ethnic group. Further age and gender adjusted risk of high albumin:creatinine ratio in Maori and Paci®c Islanders compared to Europeans, was slightly higher than the risk of elevated albumin concentrations.
An early morning urine sample is not the sample of choice for estimating creatinine concentrations as a measure of lean muscle mass. 35 In addition, urinary creatinine is a composite of dietary intake and synthesis and is in¯uenced by urine volume. 35 These limitations should have contributed to the variation in urinary creatinine concentrations equally in each ethnic group.
Kronmall 36 has criticised the use of ratios in medicine because of correlations with the denominator. Ratios compound the error of measurement and may lead to overestimation of the correlation if the association with the denominator (creatinine) is positive and underestimation if the correlation is negative. This phenomenon was demonstrated in Table 5 where some of the partial correlation coef®cients for various measures with urinary albumin concentrations were affected by adjusting albumin values for urinary creatinine concentrations. Further, partial correlation coef®cients with albumin:creatinine ratio tended to be weaker in Europeans and Paci®c Islanders, but higher in Maori, than with urinary albumin concentrations. These differences could be attributed, in part, to the higher partial correlation with the inverse of urinary creatinine. For example, the partial correlation coef®-cients for albumin:creatinine ratio with age in European and Paci®c Island workers were in the opposite direction to that with urinary albumin concentrations because of the relatively high positive partial correlation coef®cients between age and the inverse of urinary creatinine concentrations. This effect is more likely to present a problem in European and Maori workers in whom the correlations between the inverse of urinary creatinine and urinary albumin concentrations were largest.
After adjusting for measures of body morphology, plasma glucose concentrations and systolic blood pressure concentrations, urinary albumin concentrations were still signi®cantly higher in Maori and Paci®c Islanders. This suggests that some genetic or environmental factors, or some other predisposing condition apart from obesity, must account for the increased urinary albumin excretion in Paci®c Islanders and Maori. Maori and Paci®c Islanders who participated in this study are all Polynesians, and therefore, at the racial level are genetically similar.
Conclusions
Urinary albumin concentration was associated with urinary creatinine concentrations in all ethnic groups, and, with the exception of Paci®c Islanders, accounted for over 20% of its variation in healthy individuals. Measures of body morphology did not completely explain the higher urinary albumin concentrations in Maori and Paci®c Islanders compared with Europeans. Urinary albumin concentrations were associated with measures of obesity and short stature in Europeans and Paci®c Islanders, and with systolic blood pressure level and gender in Europeans.
